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mechanical tunneling process. Well-tested rules of electron tunneling
in proteins have yielded reliable tools for comprehensive analysis of
tunneling networks in multi-cofactor containing proteins engaged in
energy conversion and associated oxidation–reduction catalysis. Here
we apply these tools to assess how electron tunneling is engineered
in oxygenic and non-oxygenic photosystems of plants and allied
microorganisms. Comprehensive mathematical analysis of natural
photochemical reaction center proteins and a range of informative
theoretical models reveal that natural photochemical efﬁciencies,
deﬁned as the yield of a photon-generated charge-separated state
multiplied by the fraction of the absorbed photon energy preserved as
a difference in redox potentials between associated electron donors
and acceptors, ultimately substrates and products, are substantially
suboptimal. In anoxygenic photosynthetic bacterial membranes, as
much as 250 meV of the absorbed photon energy can be coupled to a
transmembrane electric potential (Δφ, typically ~90% of the prevailing
electrochemical proton gradient, ΔμH̃+), thereby increasing the
overall photochemical efﬁciency substantially. In oxygenic PSII and
PSI chloroplast membranes, Δφ is low (ΔμH̃+ predominantly ΔpH),
which leaves a signiﬁcant fraction of the photon energy utilization
unaccounted for. Following recent proposals [1], we evaluate whether
reaction centers of oxygenic PSII and adjacent PSI make use of this
free energy to select redox potentials of cofactors that dodge and
minimize the destructive effects of singlet oxygen or partly reduced
oxygen (reactive oxygen species; ROS). Both nonoxygenic/oxygenic
photosynthetic reaction centers cooperate with cytochrome bc1/b6 f
complexes to generate ΔμH̃+. Our analyses highlight and contrast the
molecular processes adopted for ΔμH̃+ generation and for ROS
suppression/regulation by these two very different classes of energy
conversion proteins that nevertheless share many aspects of redox
chemistry and the same electron tunneling engineering.
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Cytochrome bc1 (mitochondrial complex III), an important
component of biological energy conversion, provides an electronic
connection between the quinone and cytochrome c redox pools of
electron transport chain. It reversibly oxidizes hydroquinone and
reduces cytochrome c coupling these reactions to proton transloca-
tion across the membrane. Homodimeric structure of this enzyme
builds in four catalytic quinone binding sites and four chains of
cofactors that, connected by a centrally located two-heme bL bridge,
form a symmetric H-shaped electron transfer system. The molecular
mechanism of operation of this complex system is not fully
understood and several issues, including the electron transfer
through the bridge, remain a subject of intense debate. This talk will
discuss mechanistic and physiological perspectives on the role of
symmetry in cytochrome bc1 operation. This perspective emerges
from recent experiments designed to expose all the electron transfer
paths within a dimer for kinetic testing. The evidence supporting
the existence of catalytically-competent electron transfer between
the two heme bL will be presented. This will be complemented by
spectroscopic data that shed new light on the mechanism of catalytic
quinol oxidation.
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Alternative complexes III (ACIII) are recently identiﬁed mem-
brane-bound enzymes that replace functionally the cytochrome
bc1/b6 f complexes. In general, ACIII are composed of four transmem-
brane proteins and three peripheral subunits that contain iron–sulfur
centers and C-type hemes. ACIII are built by a combination of
modules present in different enzyme families, namely the complex
iron–sulfur molybdenum containing enzymes. A historical perspec-
tive on the investigation of ACIII will be presented, followed by an
overview of the present knowledge on these enzymes. Electron
transfer pathways within the protein will be discussed taking into
account possible different locations (cytoplasmic or periplasmic) of
the iron–sulfur containing protein and their contribution to energy
conservation. In this way several hypotheses for energy conservation
modes will be presented including linear and bifurcating electron
transfer pathways.
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Oscillations in plasma membrane potential play a central role in
glucose-induced insulin secretion from pancreatic β-cells and related
insulinoma cell lines. We have employed a novel ﬂuorescent plasma
membrane potential (Δψp) indicator in combination with indicators
of cytoplasmic free Ca2+ ([Ca2+]c), mitochondrial membrane poten-
tial (Δψm), matrix ATP concentration and NAD(P)H ﬂuorescence to
investigate the role of mitochondria in the generation of plasma
membrane potential oscillations in clonal INS-1 832/13 β-cells.
Elevated glucose caused oscillations in plasma membrane potential
and cytoplasmic free Ca2+ concentration over the same concentra-
tion range required for insulin release, although considerable cell-to-
cell heterogeneity was observed. Exogenous pyruvate was as effective
as glucose in inducing oscillations, both in the presence and absence
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